Adult males of the long-nosed bat (Leptonycteris curasoae) produce odoriferous ''sebaceous'' secretions in the interscapular region (dorsal patch), exclusively during the mating season (November-December). These dorsal patches might play a role in mate selection by L. curasoae in northern Venezuela. We evaluated differences between body traits of males with and without dorsal patches to determine whether these structures could be used by females as indicators of male quality, examined whether the size of the dorsal patch shows a relationship with other body traits during the mating season, and investigated the physical and behavioral development of dorsal patches. Thirty-seven percent of all males sampled (n 5 99) showed conspicuous dorsal patches during the mating season in November and December. Males with conspicuous dorsal patches had larger testes, smaller body masses, lower body condition indices, and lower ectoparasite loads than males without dorsal patches. Larger testes and lower ectoparasite loads suggest that the dorsal patch could be signaling male quality and readiness for mating. A typical dorsal patch covered approximately 1.7 cm 2 of a male's interscapular region, but size of this structure did not vary with any of the body traits examined. We describe a novel, stereotypic behavior performed by male L. curasoae, which we call ''smearing behavior,'' and suggest that this is associated with development of the dorsal patch because males appear to smear different body fluids onto this patch. We further suggest that sebaceous secretions in the interscapular region would not be the determining factor in dorsal patch development.
For bats, especially those that roost in dark places (Kunz 1982; Kunz and Lumsden 2003) , olfactory signals are fundamental for communication (Altringham and Fenton 2003; Bloss 1999; Dechmann and Safi 2005) , as they are for other nocturnal mammals (Andersson 1994; Blaustein 1981; Eisenberg and Kleiman 1972) . Scent production in bats is exceptionally diverse, with males usually producing a larger and more diverse repertoire of odors, most commonly during the breeding season (Eisenberg and Kleiman 1972; Haffner 2000; Krutzsch 2000; Quay 1970; Schmidt 1985) . In fact, for small mammals, odors assume a role similar to the sexually dimorphic, physical traits characteristic of many large mammals, such as intersexual differences in body size, horns and antlers, skin color, and hair (Andersson 1994; Blaustein 1981) . Chemical signals also have the potential to assume important roles in attraction, individual recognition, and mate selection based on unique, individual odor profiles (e.g., Bloss et al. 2002; Bouchard 2001; Brennan and Kendrick 2006; De Fanis and Jones 1995; Safi and Kerth 2003) . Several species of bats use secretions from glands and other odor-producing structures during courtship displays (Krutzsch 2000; Muñoz-Romo 2008; Voigt and von Helversen 1999) . For example, males of the sac-winged bat (Saccopteryx bilineata) display courtship repertoires toward females involving the odor produced in wing sacs. These wing sacs, as other odorproducing structures (see Schmidt 1985; Studier and Lavoie 1984) , were thought to be the result of purely glandular activity. However, it was later determined that males of S. bilineata combine different body fluids, store the mixture in wing sacs, and disperse the odor toward females while engaged in hovering flight (Voigt et al. 2008; Voigt and von Helversen 1999) .
A new odor-producing structure was recently described for adult males in 2 migratory, nectar-feeding bats, Leptonycteris curasoae and L. yerbabuenae. Nassar et al. (2008) reported that both species produce odoriferous sebaceous secretions in the interscapular region that contain fatty acids (based on preliminary gas chromatography-mass spectrometry analyses), important in mammalian chemical communication (Brown and Macdonald 1985; Stoddart 1976 ). This so-called ''sebaceous patch'' (Nassar et al. 2008 ) is prominent only during the mating season that occurs annually between November and December in Venezuela and Mexico Wilson 2006a, 2006b; Martino et al. 1998) . In the present study, we refer to the sebaceous patch as a ''dorsal patch'' for reasons discussed below. Although mating in L. curasoae has been observed in caves at the end of November and early December in northern Venezuela (Martino et al. 1998) , it is unknown whether these odoriferous dorsal patches are important during the reproductive season. Nassar et al. (2008) suggested that the strong odor from dorsal patches, and its presence in adult males during the brief mating season in northern Venezuela, indicate a possible relationship of this structure with reproduction. However, the actual role of this odor-producing structure and its scent has not been thoroughly investigated in L. curasoae, as has been the case for other bat species that have odoriferous structures.
In particular, we were interested in characterizing the physical structure and function of the dorsal patch. Does it signal ''readiness'' for reproduction or does it indicate male quality? If dorsal patches signal readiness for reproduction, we would expect positive relationships between dorsal patches and other body traits because the dorsal patch only appears in males during the mating season (Nassar et al. 2008) . Male mammals typically develop enlarged testes because of increased production of sperm and sex-specific steroidal hormones during the reproductive period (Bronson 1989; Krutzsch 2000) . However, Nassar et al. (2008) did not provide detailed information on reproductive status of males (i.e., enlarged versus nonenlarged testes) with and without dorsal patches captured during the mating season. If the dorsal patch is a secondary sexual trait related to reproduction (Nassar et al. 2008 ), all males with this structure should have enlarged testes, and perhaps testes larger than those found in males without this structure. Moreover, given that larger male mammals often gain a reproductive advantage over smaller males (Andersson 1994; Emlen and Oring 1977; Feldhamer et al. 2004) , we considered whether male bats with dorsal patches are larger than those without these structures. Alternatively, if there is a high energetic cost involved in developing a dorsal patch (Nassar et al. 2008) , males displaying dorsal patches might weigh less than those without patches.
If dorsal patches indicate male quality, we would expect males with and without this structure to exhibit differences in their health status. For example, males with dorsal patches might have fewer ectoparasites (i.e., better health status) than those without a well-developed dorsal patch. Thus, a dorsal patch could send a signal to females that the bearer is a highquality male with a lower ectoparasite load, and the likelihood of parasitic transmission would be reduced during physical encounters associated with mating (Hamilton and Zuk 1982) . Ectoparasitic insects may injure bats by causing irritation, with consequent loss of condition; by physical damage to the skin or hair; by loss of blood or lymph; or by the injection of toxins or transmission of pathogens (Lucan 2006; Marshall 1982) . Lewis (1996) found that high ectoparasite loads were correlated with lower body masses in lactating female Antrozous pallidus. Moreover, ectoparasites may affect daily energy budgets of bats. That is, the more time and energy allocated to grooming, the less time and energy would be available for other activities such as growth, reproduction, and fat storage (Marshall 1982) .
We also examined whether the size of the dorsal patch varied with body mass and length of forearm (both indicators of body size) to test whether larger males have larger patches. Similarly, the relationships of size of dorsal patches with testes length (an indicator of testes size) and body condition (body mass/length of forearm) would indicate whether males with larger patches also have larger testes and better body condition. Finally, we investigated whether the dorsal patch was the result of purely glandular activity or whether it is a complex structure as in other species that use a variety of odor sources for the scents used in reproductive displays (e.g., Schmidt 1985; Studier and Lavoie 1984; Voigt and von Helversen 1999) .
The goals of the present study were to evaluate differences between body traits of males with and without dorsal patches and to determine whether these structures could be signaling male quality; to examine whether the size of the dorsal patch varies with body mass, length of forearm, body condition, and testes length; and to use video recordings of individuals to investigate whether dorsal patches are purely glandular or more complex structures.
MATERIALS AND METHODS
Study site.-Bats were sampled at 2 roosts, Guano Cave (11u53959.90N, 69u56952.70W, 137 m above sea level), and Piedra Honda Cave (11u5591.30N, 70u198.70W, 154 m above sea level), both limestone structures located in the Paraguaná Peninsula, Falcón State, Venezuela, and separated by approximately 3 km. Although our study was initially planned for Guano Cave, we ultimately focused on the colony of L. curasoae in Piedra Honda Cave because the colony in Guano Cave unexpectedly vacated this cave during the 3rd week of our study. These 2 caves are located in a semiarid landscape, dominated by spiny legumes and several cactus species. The study area is characterized by a mean annual temperature of 27uC. Annual average precipitation is 316 mm, with maximum precipitation occurring between November and December (Martino et al. 1998 ).
Bat sampling.-All sampling protocols were consistent with guidelines approved by the American Society of Mammalogists for capture, handling, and care of mammals (Gannon et al. 2007 ). Our study commenced in early November 2006, at which time individuals were examined for the presence of a dorsal patch prior to the expected mating season (Martino et al. 1998) . Regular sampling of individuals continued until bats departed from the cave in late December 2006. Bats were captured ) at Guano Cave on a weekly basis for the first 3 weeks of our study using hand nets (Tropics Net, Santa Monica, California), and with mist nets at Piedra Honda Cave during the remaining weeks, using 12-m-long, 4-shelf, 35-mm-mesh, 75-denier nets (Avinet, Dryden, New York). Mist nets were not used at Guano Cave because the irregular terrain near the entrance to this cave prevented us from doing so. Bats were captured between 0900 and 1100 h at Guano Cave, and between 1830 and 2030 h at Piedra Honda Cave. Each captured bat was individually placed into a clean cotton cloth bag and transported to a data collection station. Lengths of forearm and testes were measured using a dial caliper (SPI 2000, accuracy 0.1 mm; Swiss Precision Instruments, Inc., Garden Grove, California) and body mass was recorded using a 50-g Pesola scale (accuracy 0.5 g; Pesola AG, Baar, Switzerland). Body condition index was derived by dividing the body mass by the length of forearm (Reynolds and Korine 2009; Speakman and Racey 1986) , based on the assumption that a higher index indicates a better condition of the bat. We estimated age using the relative ossification of wing bones (metacarpals and phalanges) to distinguish among young, subadults, and adults (Anthony 1988; Kunz et al. 1996) . Reproductive status of males was determined by examining condition of testes (enlarged 5 testis length . 3 mm, nonenlarged 5 testis length 3 mm; actual value used was mean of the 2 testes minus 1 SD). Females were classified as nonpregnant, pregnant, or lactating by direct abdominal palpation and nipple examination (Kunz et al. 1996; Racey 2009 ). Finally, a numbered 4.2-mm alloy-metal lipped band (Porzana Ltd., East Sussex, United Kingdom) was placed on the forearms (Kunz and Weise 2009) of males (right) and females (left). The number of bats marked never exceeded 40 individuals (20 males and 20 females) in a given week. However, all captured males (including some we did not mark) were examined to record the presence or absence of the dorsal patch and condition of testes (enlarged or nonenlarged). Ectoparasite load was visually estimated (Whitaker et al. 2009 ) based on the number of streblids observed on dorsal and ventral body surfaces of each individual (no streblids were observed on the wings). The examination lasted 5 s on each region (ventral and dorsal), and was always performed by the same researcher (Whitaker et al. 2009 ). Three categories of ectoparasite load were established: absent-low (,10 streblids), medium (10-20 streblids), or high (.20 streblids). The dorsal regions of males were photographed (see below) and all individuals were released near the site of capture in the evening or at dawn immediately after measurements were recorded.
Dorsal patch size.-Dorsal regions of marked males were photographed to quantify dorsal patch size. Digital images were taken while bats were held firmly by the forearms against a horizontal surface of a copy stand. The lens of a digital camera (Canon IS S3; Canon, Tokyo, Japan) was positioned 35 cm above the bat. A plastic ruler (accuracy 0.1 cm) was placed on 1 side of the dorsum of males for scale. The number of pixels in 1 cm 2 was determined for each image using Adobe Photoshop CS (Adobe Inc., San Jose, California), based on the ruler in the image, and the number of pixels in the image of each dorsal patch was estimated using the ''lasso'' tool in Photoshop CS. Finally, the area of each dorsal patch was calculated by converting number of pixels to square centimeters.
Statistical analyses.-Differences in body mass, length of forearm, body condition index, testes length, and ectoparasite load between males with and without a dorsal patch were evaluated using logistic regression analysis. Additionally, for males with dorsal patches, we evaluated the relationships between the size of these structures and body mass, length of forearm, body condition index, and length of testes. The analyses for the 3 latter variables were performed by controlling for body mass. All statistical tests were performed using SPSS version 11.0.4 (SPSS Inc., Chicago, Illinois), using a 5 0.05.
Behavioral recordings.-We obtained fourteen 1-h video recordings during the first 2 weeks of December in Guano Cave. The behavior of bats was recorded during nonrainy days between 1100 and 1700 h, using an 8-mm camcorder (Sony Handycam 0-lux DCR-TRV 110P; Sony Corp., Tokyo, Japan). Video recordings were made in Guano Cave supplemented with an infrared light source (Sony HVL-IRC). For this, we randomly recorded images in different parts of the cave for 1-h periods where ''pairs'' of individuals (see below) were observed. During November and December it was possible to observe and record ''pairing'' of individuals, a behavior that is not observed during the January-October period (based on previous visits made to this cave by MM-R). Video recordings at Piedra Honda Cave were made using available ambient light where some bats were observed roosting near the cave entrance during the day (coincidentally, all of these were males with dorsal patches). The entrance to this cave was through a 2-m-diameter sinkhole that was approximately 8-9 m deep, making it impractical to enter and conduct video recordings inside this cave. Based on 14 h of video recordings, we analyzed 11 h of video (7 h for Guano Cave and 4 h for Piedra Honda Cave) in which the behavior of individuals was clear and unambiguous. Video recordings were observed using a standard ad libitum sampling protocol (Martin and Bateson 1993) , in which we simply noted whatever was visible and relevant to the patch (see Martin and Bateson 1993) . Behavior of all males (13) in Piedra Honda Cave, and 21 pairs (3 pairs/ 1-h recording) in Guano Cave were observed, focusing on behaviors associated with the dorsal patch.
RESULTS
Bat sampling.-All captured bats were adults. Testes ranged in size from nonenlarged to enlarged. We assumed that females were nonpregnant, or in early stages of pregnancy, because no fetuses could be detected by palpation, and they showed no evidence of developed nipples (e.g., nipples were small and surrounded by hair). A total of 191 bats were marked (99 males and 92 females), but none were recaptured although marked individuals were commonly observed during video recording sessions. Of the 99 males that we examined during the study period, 37 (37.4%) had a conspicuous dorsal patch. None of the 92 females examined showed evidence of dorsal patch development. Males with and without dorsal patches were present during the study period in November and December, but males with dorsal patches were more frequently observed from mid-November until late December (Fig. 1) . During early December, most adult males (almost 80%, n 5 60) had developed a conspicuous dorsal patch. All bats vacated the 2 caves between 18 and 28 December 2006 (Fig. 1) .
Dorsal patch size and general appearance.-Dorsal patches varied in size by a factor of 6 (Table 1) , and their general appearance varied considerably (Fig. 2) . Some males (n 5 7, 19%) had damaged skin, often lacked hair in the center of the patch, and the underlying musculature was exposed in some cases (Fig. 2C) . The dorsal patch is an area in the interscapular region of the upper back that appears to be wet. However, despite this wet appearance, the hairs of most dorsal patches (89%, n 5 33) were completely dry, as if the overlying and adjacent locks of pelage had been glued to the skin.
Relationship of dorsal patches with reproduction.-Although males of L. curasoae showing small (i.e., ,3 mm) testes were observed at the beginning and end of this study, all males with dorsal patches showed enlarged testes (Fig. 1) . Nonenlarged testes were only observed in males without dorsal patches.
The overall logistic regression model showed that some variables were important predictors of the presence of a dorsal patch (logistic regression x 2 5 62.503, d.f. 5 6, P , 0.0001). Males with dorsal patches had significantly larger testes than those without the patch (P 5 0.004; Table 1 ). Although males with and without a dorsal patch did not differ in length of forearm (P 5 0.523), males without a dorsal patch were heavier than those with a dorsal patch (P 5 0.002; Table 1), and had higher body condition indices (P 5 0.001). The difference in ectoparasite load between males with and without dorsal patches also was significant (P , 0.0001), where males with dorsal patches were less parasitized than those without a dorsal patch (Fig. 3) . Males without a dorsal patch exhibited medium to high ectoparasite loads. Only 1 type of ectoparasite (Diptera, Streblidae) was observed in considerable numbers, although ticks (Acari) were present on 1 bat that we examined.
We found no significant relationship between the size of the dorsal patch and body mass (r 5 0.299, P 5 0.076, n 5 36). We also found no significant relationships between size of the dorsal patch and length of forearm (r 5 20.026, P 5 0.880, n 5 36), body condition index (r 5 0.068, P 5 0.700, n 5 36), or length of testes (r 5 0.126, P 5 0.466, n 5 36).
Novel ''smearing behavior'' of males.-During the 1st week of December, we observed a unique behavior in Piedra Honda Cave that was associated with the presence of a dorsal patch. All 13 males from video recordings in Piedra Honda Cave had dorsal patches that varied in size. Among these males, 2 engaged in a repetitive behavioral display, indicating that they were using their feet to collect body fluids from different parts of their body and rubbing them or transferring them to the dorsal patch. Our video recordings clearly show that these males used the claws of their feet in a novel, stereotypic manner, touching and rubbing the mouth, head (including neck and nuchal region), dorsal patch, penis, and anus. During a 104-s observation period, 1 male touched different body parts 143 times, touching his mouth most frequently (52 times), followed by the head (39), penis (27), dorsal patch (16), and anus (9). A consistent behavior was observed in the 2nd male, who engaged in a repetitive display for 75 s, touching exactly the same 5 body parts 97 times in a manner similar to the other male. The head of the 2nd male was frequently touched (30 times), followed by the mouth (23) and dorsal patch (23), penis (13), and anus (8). This behavior was clear and unambiguous and was exhibited by both males in a consistent order. They used exactly the same sequence when touching the anus and penis, touching the mouth 1st with the claws of their feet. Moreover, both males also consistently touched their mouth again after touching other body parts.
In Guano Cave, the same behavior described above was also observed in 5 males roosting as pairs (see below) in which each sequence lasted about 1 min (X 5 63 s 6 18 SD, n 5 5). The behavior of these 5 males was not analyzed because the recordings were not sufficiently clear (i.e., we were not close enough) to precisely discriminate between a male touching his penis and anus, in contrast to the recordings from Piedra Honda Cave. Moreover, it is important to note that in Guano Cave, individuals with dorsal patches were mostly observed forming pairs. Although we observed isolated individuals in other roosting positions, they showed no evidence of having dorsal patches. In the paired bats, dorsal patches could only be observed when the males moved because each of them had another individual roosting directly upon their backs. Twentyone pairs of L. curasoae were observed during 7 h of video recordings. Pairs remained together throughout the video recording sessions, with no evidence of a change in partners. The lower individual in 18 of these 21 pairs had a conspicuous dorsal patch. We witnessed 1 copulation event for each of 3 pairs, and 2 of the males among these 3 pairs had a recognizable dorsal patch. Intromission occurred suddenly, as pairs were motionless immediately before the onset of copulation. Males of the pair suddenly changed position from beneath a female to above, followed by copulation. During copulation, males grasped females tightly with their wings in such a way that females were unable to escape, even though they made conspicuous efforts to do so. Pelvic thrusting observed during copulations lasted up to 30 s. In all cases, 
DISCUSSION
The dorsal patch described for L. curasoae in this study is a sexually dimorphic trait that develops and is most conspicuous in males during the reproductive period (November and December) in Venezuela, as noted by Nassar et al. (2008) . In our study, males of L. curasoae with dorsal patches were 1st captured in mid-November. From this time, the proportion of males that showed evidence of dorsal patch development increased, reaching a maximum of almost 80% of the males sampled between the 1st and 2nd week of December.
Dorsal patch size and general appearance.-Our observations of variation in size and shape of this patch, with a mean area of 1.7 cm 2 , ranging from 0.6 to 3.6 cm 2 (n 5 36), are also consistent with those reported by Nassar et al. (2008) , who reported a mean patch area of 2.2 cm 2 , ranging from 1.5 cm 2 to 3.8 cm 2 (n 5 8). Although Nassar et al. (2008) reported that the substance accumulated on the upper back of males was ''sebum'' produced by sebaceous glands located in the interscapular region, our observations do not support this interpretation. In our study, most males of L. curasoae had dry dorsal patches. We consider it very unlikely that oily (or sebaceous) exudates alone would become dry after impregnating the hair. Moreover, none of the 4 males with wet patches that we observed and touched were ''oily,'' as we would expect if these were formed only from sebaceous secretions.
Relationship of dorsal patches with reproduction.-The fact that all males with dorsal patches had enlarged testes suggests a strong association of dorsal patch development with sexual maturity and possibly readiness for reproduction. That males with small testes did not develop a dorsal patch also suggests an association between reproductive maturity and dorsal patch development. The presence of enlarged testes in all males with dorsal patches suggests increased sperm production as well (Bronson 1989; Krutzsch 2000) . Notwithstanding, it remains unclear why some males with enlarged testes did not develop a dorsal patch. One possibility is that these males were still in an early stage of reproductive maturation, and that the progression of dorsal patch development begins only after testes have reached a sufficiently large size and associated testosterone levels.
Although males with dorsal patches were smaller in body mass than those without them, all males were similar in length of forearm. Both measurements are indicators of body size, but length of forearm would be a more reliable indicator of body size because it is based on the measurement of a less variable character, whereas body mass may vary seasonally due to several factors. One possible explanation for the significant difference in body mass could be that males with dorsal patches invested more energy and nutrients in dorsal patch development than those that did not develop this structure. Alternatively, assuming that males with dorsal patches are more successful in attracting females, the difference in body mass could reflect differential investment in courtship and mating, although this hypothesis requires further investigation.
A body condition index has been used as a measure of health status in bats (Reynolds and Korine 2009; Speakman and Racey 1986 ). In our study, values obtained for a body condition index for L. curasoae suggest that males with dorsal patches were not in as good of condition as males without dorsal patches. Lower body condition in males with dorsal patches also suggests that these males might incur a physiological cost in developing such a structure. Loss of body condition may be, as suggested above, a consequence of courtship behavior, which would involve creating and maintaining the dorsal patch during the mating season. However, males with dorsal patches showed the lowest ectoparasite loads of all males sampled. This result contrasts with our prediction that lower ectoparasite load would be associated with better body condition. However, this contrasting result also suggests that even with ''poor body condition,'' males with dorsal patches could resist ectoparasites and have low ectoparasite loads. Alternative explanations for this result will require additional study. For example, chemical compounds that form the dorsal patch may provide males with protection against streblids-the most prevalent ectoparasite on this species. Alternatively, males of L. curasoae with dorsal patches may be better-quality males (i.e., better physiological condition, with better immune systems) than males without dorsal patches, and the odor from the dorsal patch could signal male quality or increased fitness to females. Results of odorpreference studies in rodents indicate that parasites influence odors of infected individuals and that females exhibit a reduced preference for odors from infected males (Penn and Potts 1998) . Thus, signaling individual quality through odor production during the mating season would have advantages, because it may be important for female choice (Voigt and von Helversen 1999) by signifying actual parasite loads of males (Ehman and Scott 2002; Colwell 1993, 1995; Kavaliers et al. 2003) , or a male's capacity to resist parasites (Hamilton and Zuk 1982) , or both.
Novel smearing behavior of males.-The novel, stereotypic behavior exhibited by males in the present study, which we refer to as ''smearing behavior'', fails to support the hypothesis that a sebaceous secretion is the only or determining factor in dorsal patch development, but rather suggests that this is the outcome of a mix of several body fluids associated with a complex stereotypic behavior, as suggested by Nassar et al. (2008) . The sebaceous component found by Nassar et al. (2008) could come from sebaceous secretion, or it also could come from genital fluids, as these are also known to contain sebaceous components (Spencer and Flick 1993) . Megachiropterans (Pteropus conspicillatus and P. scapulatus) have been observed transferring a fluid (of sebaceous nature) from their urogenital tract to anoint their neck ruffs (Spencer and Flick 1993) . In males of L. curasoae, saliva was used, presumably to assemble a specific mixture of compounds from different parts of the body. Saliva would be produced abundantly, and it has been postulated as an important source of chemicals in other mammals that, especially when mixed with other compounds, plays an important role in scent communication in hedgehogs (Erinaceus europaeus-Brockie 1976) and male spider monkeys (Ateles geoffroyi- Laska et al. 2007) .
Stereotypic behaviors similar to the smearing behavior described herein have been observed in other species of bats, such as ''sac-filling behavior'' in S. bilineata (Voigt et al. 2008; Voigt and von Helversen 1999) . Males of this species use a mixture of saliva, gular gland exudates, urine, and other sperm-free ejaculates to fill their wing sacs and use the resultant odor, in combination with wing displays and vocalizations, to attract females. Males of S. bilineata invest up to 40 min/day to fill their sacs (Voigt 2002; Voigt et al. 2005) , which represents 2.8% of their time over 24 h. In our study, an estimation of time invested on the smearing behavior in 1 h would be similar (assuming that this behavior is repeated during the day), because 104 s represent 2.9% of the observation time (1st male), and 75 s represents 2.1% (2nd male) over a period of 1 h. The behavior of 5 males observed roosting as pairs in Guano Cave lasted an average of 63 s, which represents 1.8% over a 1-h period. The fact that we never observed females or males without dorsal patches performing any behavior similar to the smearing behavior suggests that this unique behavior is probably associated with dorsal patch development.
Although odors might signal readiness to mate, as observed in many other mammal species from the transfer of urine, or other genital fluids, or both (Doty 1986; Feldhamer et al. 2004) , the combinations of chemicals from saliva, urogenital fluids, feces, and glandular secretions in males of L. curasoae may provide each individual with a unique odor signature, so that individual males can be chemically assessed and identified (see Gosling and McKay 1990; Voigt et al. 2005; Voigt and von Helversen 1999) . In addition to examining secondary sexual characteristics when making mate choices, Hamilton and Zuk (1982) suggested that animals should inspect both urine and fecal odors of a potential mate. It is important to note that this chemical identity or the effectiveness of a chemical signal could be, as observed in other species, affected by bacterial activity (Burger et al. 1999; Dapson et al. 1977; Mykytowycz and Goodrich 1974; Scully et al. 2000; Studier and Lavoie 1984; Voigt et al. 2005) .
Results from our study raise important questions that remain to be answered. Does a dorsal patch provide males protection against ectoparasites and signal male quality? Is the dorsal patch an important prelude to successful copulation? For a complete understanding of the relationship between reproductive seasonality, dorsal patch development, use of body fluids, active chemical composition of these fluids, and mating success in L. curasoae, it will be necessary to conduct additional field observations, laboratory analyses, and experiments.
This study provides information on a new odoriferous and sexually dimorphic mammalian structure restricted to the mating season, which we postulate as being involved in signaling readiness for reproduction and male quality. This study also revealed that the development of dorsal patches is not a simple glandular phenomenon, but instead, these structures appear to be associated with complex stereotypic behaviors that combine or mix different body substances. The smearing behavior described in the present study invites further study of other mammalian odoriferous structures that have been described exclusively as glands. Many of the mammalian ''glands'' that have not been well studied to date also could involve complex behaviors rather than a single glandular secretion. Finally, the function of the dorsal patch invites further study to clarify its role and importance in reproductive success in L. curasoae.
RESUMEN
Los machos adultos del murciélago de los cardones (Leptonycteris curasoae) producen sustancias ''sebáceas'' odoríferas en la región interescapular (parche dorsal), exclusivamente durante la época de apareamiento (noviembre-diciembre). Estos parches dorsales podrían intervenir en la selección de pareja en L. curasoae en el norte de Venezuela. Nosotros evaluamos las diferencias entre atributos corporales de machos con y sin parches dorsales para determinar si estas estructuras pudieran ser usadas por las hembras como indicadores de calidad del macho, examinamos si el tamaño del parche dorsal muestra una relación con otros atributos corporales importantes durante la época de apareamiento, e investigamos el desarrollo físico y etológico de los parches dorsales. Treinta y siete porciento de todos los machos examinados (n 5 99) mostraron parches dorsales conspícuos durante la época reproductiva en noviembre y diciembre. Los machos con parches dorsales conspícuos presentaron testícu-los más grandes, fueron más pequeños en masas corporales, mostraron condiciones corporales pobres y menores cargas de ectoparásitos que los machos sin parches dorsales. Testículos más grandes y menos ectoparásitos sugieren que el parche dorsal podría estar indicando calidad del macho y su disponibilidad para reproducirse. Un parche dorsal típico cubrió aproximadamente 1.7 cm
